Experimental data obtained on bilayer membranes treated with either of two antibiotics, monazomycin or alamethicin, are presented showing the marked difference in the time course of the rise and subsequent decay of the conductance in response to a positive and negative step of potential established by means of a voltage-clamp feedback circuit. The variation of the conductance with time in these model systems qualitatively mimics the behavior of the "potassium conductance" of squid giant axons and other excitable biological systems; namely, the rise of the conductance to the steady state requires a longer time than its decay to the resting state. For the alamethicin system, the decay time becomes very brief-as short as 50 Msec-as either the salt or the alamethicin concentration is reduced, while the rise time remains several seconds. This marked brevity of the decay time versus the rise time may have implications for the mechanism underlying the formation of conducting channels in such membranes.
Columbia University) and from phosphatidyl glycerol (8) . Recently, in extending our studies to membranes "doped" with alamethicin, we were surprised to find that in such preparations the conductance does not appear to show an SFrom electrical studies on the giant axon of squid and on other biological cells, it is now well established that voltage-dependent time-variant conductance is the crucial electrical property underlying excitability in biological membranes. In recent years, Rudin and Mueller have discovered that this property can be observed in a model system, lipid-hydrocarbon bilayer membranes, in the presence of certain compounds, namely, EIM (a "proteinaceous" bacterial product) (1) (2) (3) and two antibiotics, alamethicin (a cyclic peptide) (4, 5) and monazomycin (6) . Moreover, with EIM and alamethicin they have succeeded in demonstrating "action potentials" with many features in common with action potentials of biological cells. Thus, bilayer membranes treated with these agents may be useful as a model system in elucidating the physical mechanisms underlying excitability.
We have been studying the time-variant conductance displayed by bilayer membranes treated either with monazomycin or alamethicin. With monazomycin we have found, in confirmation of Rudin and Mueller's report (6) , that bilayer films display time-variant conductance that qualitatively has features in common with the "potassium conductance" of biological cells, in that the conductance for a step of voltage ("voltage-clamp" experiments) varies along an "S shaped" trajectory with time, i.e., the current rises in time to attain a maximum rate of change and then slows down to approach asymptotically a steady state. Our early experiments (7) were done on membranes made from mixed lipids extracted from ox brain (6) . In shaped response, but rather an "exponential" response, with the overall time required to attain the steady state being comparable with that of a monazomycin-treated membrane. It should be noted further that a plot of steady-state conductance versus voltage in both cases has the same nonlinear character, with an e-fold change requiring 5-6 mV. These facets of the response, and certain unusual features of the decay of the conductance-namely, the brief time required for the conductance to collapse relative to the time required to attain a steady state-may be of interest to the growing number of investigators concerned with the physical mechanisms underlying time-variant behavior of conductance in bilayer membranes. We present our results briefly in this communication.
The data reported here were obtained on membranes formed over a circular aperture (1 mm2) in a Teflon partition that divided a rectangular lucite chamber into two compartments of equal volume (5 cm3). In all cases the electrolyte concentrations of the two solutions (3 cm3) were equal; thus, in this set of experiments the electromotive force (emf) was zero. The voltage-clamp measurements were made with a fourelectrode system, two Beckman calomel electrodes for probing the membrane potential and two silver-silver chloride electrodes to supply current. Fig. 1 shows a typical set of voltage-clamp records obtained from a bilayer membrane treated with monazomycin or alamethicin. With monazomycin, when the phase containing the antibiotic is made positive relative to the untreated phase the current rises toward a steady-state value along an S-shaped curve. The conductance of necessity has the same time course for, at any moment, it is given by the current divided by the potential. This time-variant behavior is easily recognized as having features in common with the "potassium conductance" observed in biological membranes, such as a squid giant axon (in the early phases of the response the "sodium conductance" also shows an S-shaped behavior) (9) . The "exponential" response of an alamethicin-treated membrane is seen in Fig.  lb . However, upon examination of the response more carefully in the region of t = 0, that is, in the range of several milliseconds, it is seen that the current does rise along an S-shaped time course, and thence proceeds along an "exponential" Fig. 2c. ( Figs. 2c and 3a) . Note that the duration of capacitive transient is markedly shortened, due to reduction of series resistance between membrane and probe electrodes. course to the steady state. Thus, at relatively slow sweep speeds (e.g., 0.5 sec/cm), which are necessary to record the overall response to the steady state, the S-shaped character is not discernible.
The other aspect of time-variant conductance observed in these preparations with properties in common with potassium conductance is the decay of conductance upon a step reduction of the potential. In physiological membranes there is a marked difference in the time course of the rise and the decay of potassium conductance, the rise following an S-shaped course and the decay an "exponential" course -i.e., absence of an S-shaped course. This is clearly seen in the monazomycintreated bilayer membranes. However, with alamethicin we were surprised to find that under certain conditions the decay was so rapid that the conductance appeared to collapse "instantaneously."
A convenient method to observe this effect was as follows: a potential was applied under voltage-clamp conditions and, upon the current attaining a steady state, the potential was reversed. Since the conductance is given by the current divided by the potential, the current response with time under voltage-clamp conditions gives also the response of the conductance with time. Although in the oscillographic data presented here we have given only the magnitude of the current, it is clear that the time course of conductance is the same. The feedback loop of the voltage-clamp apparatus was adjusted so as to reduce the capacitive current transient as much as possible without introducing instability and prohibitive "noise." Such an adjustment resulted in capacitive transients of 10-15 ,Msec, depending (for a given frequency response of the feedback and current recording amplifiers) on the salt concentration and, thus, the series resistance between the voltage probe electrodes and the membrane.
With membranes formed in the presence of 0.1 M NaCl solution and treated with 2 Mll of a saturated aqueous solution of alamethicin §, the collapse of the conductance could not be resolved within 50 Msec, being masked by the capacitive transient (Fig. 2a) . However, with more of the alamethicin solution (5 Ml) the reversal current after the collapse of the capacitive current transient is clearly discernible, although it is not symmetrical with the value in the forward direction (Fig. 2b) . Finally, with 12 IAl of alamethicin solution, as shown in Fig. 2c , the current reverses symmetrically and decays monotonically at a readily discernible rate. On the other hand, when the amount of alamethicin solution is reduced 2 /A and the electrolyte concentration is increased to 0.5 M, the reversal current again becomes symmetrical (Fig. 3a) , decaying along a time course almost identical with that shown in Fig. 2c with 1 M NaCl, the decay of the current is further slowed down (Fig. 3b) . It would appear that the maintenance of conductance upon reversal of the potential depends upon the concentrations of both alamethicin and electrolyte. In the case of monazomycin, the response of the instantaneous current appeared to be well-behaved upon reversal of the potential; however, in some preparations a deficiency of the current in the reverse direction has been observed. In any event, collapse of the conductance within 50 ,sec, as seen with alamethicin (see Fig. 2a ), has not been observed with monazomycin.
The fact that the rise of conductance to a steady state requires several seconds, whereas the collapse of this state occurs within a relatively brief time interval is most intriguing, and undoubtedly has implications for the mechanisms underlying the formation of conducting pathways (see refs. [10] [11] [12] [13] [14] in bilayer membranes doped with either monazomycin or alamethicin.
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